We examine avalanche statistics of rain-and vibration-driven granular slides 5 in miniature sand mounds. A crossover from power-law to non power-law avalanche-6 size statistics is demonstrated as a generic driving rate ν is increased. For 7 slowly-driven mounds, the tail of the avalanche-size distribution is a power-8 law with exponent −1.97 ± 0.31, reasonably close to the value previously 9 reported for landslide volumes. The interevent occurrence times are also an-10 alyzed for slowly-driven mounds; its distribution exhibits a power-law with 11 exponent −2.670 ± 0.001.
in systems for which the timescales between buildup and release of stress are separated, 23 and for which the stress-transfer mechanism is generally nonconservative [Juanico et al., [Frette et al., 1996] .
27
The present work examines avalanche statistics of rain-and vibration-driven granular In the present study, we incorporate rainfall as a triggering mechanism and show that its presence allows our model to capture the rollover. Likewise, we demonstrate ex-
35
perimentally the existence of a crossover from power-law to non power-law statistics as 36 theoretically predicted by Piegari et al. [2006] .
37
It appears from the data reported by Malamud et al. [2004a] the same value for all cells. When a cell k has θ k > 1, it relaxes by transferring stress to its four nearest neighbors nn = {up, down, right, lef t} at different proportions g nn . By 79 virtue of gravity, stress transfer is biased downwards, such that: g down > g up , subject to 80 the constraint g down + g up = 0.5; and g lef t = g right = 0.25. In this study, it is assumed that 81 transfer is conservative, so that nn g nn = 1. Stress-transfer proceeds until the entire 82 grid relaxes so that for all k, θ k < 1. All consecutive stress-transfers comprise a landslide 83 at time t, and the total number of collapsing cells at time t is the landslide area A(t).
84
For correspondence with experiments, although we recognize its limitations, we assume a 85 landslide mass-area relation: M ∼ A 3/2 , which can be derived by means of dimensional 86 analysis (i.e., assuming that M is proportional to volume V , and then considering that
.
88
The novelty of our computational modeling approach is in considering the gradual 89 flattening of the slope after several landslides have occurred (as seen in our experiments).
90
An update rule is introduced to decrease g down , as follows: the basin, as illustrated in Figure 1 . M is sometimes contributed to by several distinct 'sub-avalanches.' The tradeoff in this interpretation is that although it resolves mostly 101 individual avalanches, those that last > 20 ms may be recorded as partial sub-avalanches,
102
and if there are more than one avalanche within any 20 -ms interval, these will be recorded 103 as one value.
104
The total observation period is determined by the pour rate and is based on how long 105 before the entire mound washes out. A total of 20, 10, and 3 trials were made for slow, centered at a large M ( , Fig. 2 ). An implication of the crossover is that under high-rate 132 driving (especially by frequent rainfall), the landslide behavior of mountain slopes appears 133 to produce relatively large avalanches on average. It is thus not surprising that highly-
134
devastating rain-induced landslides occur more often in areas frequently struck by storms.
135
However, a more comprehensive description of ν should incorporate ground-failure factors 136 such as soil composition. Such factors have been neglected in this study for simplicity.
137
The rollover observed in our data supports the claim that the rollover seen in sub- thus be reasonably deduced that the rollover increases in prominence, such that the peak 146 shifts towards larger avalanche sizes, as ν increases. We found that at ν ∼ 7.5 × 10 −4 , 147 the avalanche size distribution more closely resembles a normal (or Gaussian) distribution
148
that is centered at a large size value.
149
A relevant aspect for hazard prediction is the interevent occurrence time (IOT) statis-150 tics. The IOT is the interval between the peaks of events whose sizes are above a given 151 threshold (M = 0.5 g), which corresponds roughly to the peak of the pdf ( , Figure 2) .
152
We thus gathered time series of avalanche size M(t) in slowly-driven mounds over a period 
